Sensitive markers used to identify compounds that trigger apoptosis in cultured hepatocytes.
Apoptosis may be a major event in chemical-induced injury, and therefore the detection of apoptotic effects when developing new drugs is highly relevant in screening for pharmacotoxicological risk assessment. However, as apoptosis in vitro normally degenerates to secondary necrosis, it is possible that it is underestimated, unless sensitive and specific parameters are used. In this present study we have evaluated the usefulness of a set of markers associated with the pivotal steps in the execution phase of apoptosis, in order to detect apoptotic compounds in hepatocytes before significant necrosis takes place. The markers selected include several biochemical parameters (downregulation of the antiapoptotic bclX(L) gene, caspase-3 activation, and cytochrome C release from mitochondria), and flow cytometry determinations (analysis of the size of the nuclei, chromatin complexity, and DNA integrity). The effects of several well-known model apoptotic toxicants (galactosamine, tertiary-butyl-hydroperoxide, etoposide, campothecine, and curcumin) were analyzed in hepatocytes. The aim was to identify early markers of apoptosis using known inducers of apoptosis in hepatocytes, as this battery of markers is designed to identify compounds triggering apoptosis in hepatocytes prior to necrosis. Concentrations of the compounds, as low as possible in order to keep 90% of hepatocyte viability, were selected according to their intracellular lactate dehydrogenase (LDH) leakage, which is well known as an indicator of cell membrane integrity and cell viability. The results demonstrated that (1) the apoptotic effect of 4 out of 5 compounds could be detected in low concentrations of the drugs long before cell necrosis (tertiary-butyl-hydroperoxide-induced apoptosis was only detected at concentrations causing concomitant necrosis) and (2) among the markers evaluated, caspase 3 activation and nucleus and DNA analysis by flow cytometry were used to fulfil the compromise between reliability, sensitivity, and ease of performance, which are critical issues when screening for an apoptotic effect of newly developed drugs.